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(Director: Prof. Dr. HAJIME HANDA) 
Results of various experimental and clinical studies on the origins of somatosensoηr evoked 
potentials (SEP) suggested that not only the dorsal column-medial lemniscal system but also the 
cerebellar and/or spino出alamictract contribute to generation of their far-field and early near-
field potentials. However, there are few studies on generators of SEP where both direct depth 
recordings and surface r官coringof SEP were performed. 
The purpose of this paper is to determine the origins of somatosensory far-field and early 
near-field evoked potentials in cat by comparing depth-recorded SEP with surface-recorded 
SEP and by analyzing SEP changes caused by serial destruction of the structures relating to 
sensory pathway. A complex patterns of evoked potentials were recorded from cerebral epidural 
surface in cat by stimulation of median nerve. The largest positive to negative slope was recorded 
from the epidural el町tradeon the sensoηr cortex contralateral to the stimulation. Fivモsmall
positive potentials was identified on the positive slope. We labeled these po回 tialsas I, I, 
IIA, Ills, IV according to designation in the report of Iragui-Madoz. 
The largest positive potential recorded from the VPL was coincident with the surface-
陀cordedIlls in latency at any interstimulus intervals. After transection of the midbrain-pons 
junction, IIIA remained unchanged. but the following waves disappeared. However, latency 
Key words: Somatosensory evoked potentials Brain stem auditory ev百kedpotentials, Brain ischemia, Cat. 
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of Ilh decreased and its amplitude also decreased after transection of the pons at its rostral 
level. IIIA seems to be generated from the medial lemniscus at the level of osseous cerebellar 
ten ton um. 
A peak latency of surface-recorded II was almost coincident in latency with the second 
negative potential recorded on the dorsal dural surface of C3 segment of the spinal cord, which 
is said to be “cord dorswn potential" Median longitudinal section of the medulla oblongata 
followed by complete disappearing of IIIA but II remained unchanged. After transection of 
the spino-medullary junction, however‘II increased in peak latency. II was considered to be 
complex in its origin but seems to be generated mainly from cuneate nucleus and partially from 
dorsal horn in the cervical spinal cord. 
The first negative potential recorded from the dorsal dural surface of C3 segment of the 
spinal cord was coincident in latency with surface-recorded I. Following transection of the 
dorsal column ipsilateral to the stimulation, I and the following peaks disappeared completely. 
These results suggest that the origin of I locates in the dorsal column of spinacl cord. 
By the median longitudinal section of Cl and C2 segment of the spinal cord, no changes oc・
curred in SEP. This result suggests that the spino-cervico-thalamic tract does not contribute to 
generation of SEP. 
The usefulness of evoked potentials for monitoring nervous system function in ischemic 
state was evaluated in two different models of brain ischemia :produced in cat. In the experi-
mental animals, it is very difficult to produce a ischemia in brain stem selectively because vascular 
collaterals exist in the brain with big variation. The authors have developed new experimental 
methodology for producing brain stem ischemia. Ischemic state was substantiated by use of 
parameters of local CBF measurement at the cerebrum and the brain stem and electrophysio-
logical measurement. Communications between carotid and vertebra・basilarsystem were 
interrupted both intracranially and extracranially. Bilateral vertebral and unilateral carotid 
arteries were then clamped. In about a half of animals brain stem escaped from ischemic insult 
probably because of su血cientblood supply through well developed spinal collaterals and an 
inadvertently patent extracranial carotid and vertebral collaterals. 
The experimental model of whole brain ischemia was produced by multiple occlusion of 
extracranial vessels including bilateral carotid and vertebral arteries （“basilar artery non-ligation" 
group). In this type of ischemia, electroencephalogram (EEG) changed to isoelectric pattern 
at the relatively early stage in producing ischemia. Although cortical components of SEP 
changed subsequently, brain stem components of SEP and brain stem audtory evoked potential 
(BAEP) did not change until ischemia advanced. As far as cortical components of SEP stil 
remained, electrophysiological parameters recovered following recirculation. Once SEP and 
BAEP were both abolished, however, EEG and cortical components of SEP hardly recovered 
unless recirculation started in a few minutes. 
In the model for brain stem ischemia （“basilar arte可 ligation"group), spontaneous cerebral 
electrical activities were maintained although EEG changed significantly. In the way of ex-
perimental procedures for making ischemia in the brain stem, changes of BAEP firstly developed 
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both in amplitude and latency. Decrease in amplitude of SEP followed to BAEP changes but 
latency of SEP was unchanged. Finally both cortical and brain stem components of SEP were 
abolished at almost the same time in advanced stage of multiple occlusion procedures. Recovery 
of SEP occurred in the inverse order and was completed in a few minutes a丘町 recirculation.
These results suggest that propagation of the volley from dorsal column in the medial lemniscus 
at the brain stem may be disturbed by its "electrical failure" 
In conclusion, BAEP may be more sensitive to the brain stem ischemia than SEP as a critical 
parameter for assessment of the functional reversibility. SEP, however, may be more useful in 















































体重2.3-4. 2 kgの雑種成猫を用いた.Sodium pen・
to barbital (SomnopentylR) 35 mg/kgを腹腔内に投与
したのち気管内挿管を行ない，定位脳手術台K固定し













Fig. 1. Schematic drawing of experiment for basilar artery ligation model. 
S: electric stimulation for SEP, arrow: click sound stimulation for BAEP, EEG, 
SEP, BAEP: recording site, respectively, CBF: insertion point of the needle 
for measurement of local cerebral blood flow by hydrogen clearance method, 
black arrow heads: ligation of basilar artery (1), bilateral vertebral arteries (2), 
costocervical arteries (3) and omocervical arteries (4), white arrow head: tern-
porary occlusion of right common carotid artery 
したステンレスネジ電極を不関電極とし，刺激と反対 増幅し， 200回の加算平均を行なうと，皮質SEPのPl
側の大脳知覚領野 SIiζ関電極を置いて SEPを導出 までの短い潜時で5つの小さな陽性頂点が明瞭に記録




め込み接地した（Fig.1). の陽性頂点波を以下 lragui-Madozらの命名法＂＇ IL従
誘発電位の記録には，多用途誘発電位記録装置 Da- い1, 1 , m A, m B, Nで呼ぶ．
nac 7E (Dana Japan社製）を用いた．誘発電位波 以上の SEP記録の際の電気的パラメータを Table
形は上向きの振れを陰性として記録した． 1にまとめた．ただし，深部記録 SEP( depth-recor・
200-1000 msecの分析時間で 0.5-315 Hz (-3 dB cut ded SEP）では不関電極を Fzに置き，脳内の深部知
off）の bandpass五lterを通して 6.6×1Q4倍に増幅し， 覚伝導部IC刺入した Radio-frequencyLesion Genera-
100回の加算平均を行なった．処置前のネコでは刺激か torの電極（RadionicsRTM 2335）を関電極とした．
ら約 15-600msec にかけて，通常皮質 SEPと呼ばれ そして， 10-30msecの分析時間で，表面記録と同じ7
大脳に誘発された電位とされる再現性のある陽性一陰 ィJレター帯域で 4.6×10＇倍の増帽を行ない 100回の加
性波（Pl,Nl, P2, N2, P3）が記録された（Fig.2A). 算平均を行ない記録した．
一方，分析時聞を 30msecとし bandpass自lterを また， Table2には45匹のネコで求めた Iから Pl
31. 5-3150 Hz( -3 dB cut off) Iと広げて 6.6×10＇倍に の各頂点波の潜時の平均値を示した．
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Fig. 2B. Far－五eldSEPs in normal cat 
Table 1. Stimulus and recording parameters 











I Far-field SEP I Cortical SEP 
町［町
0. 1 msec I 0. 1 msec 
5 Hz I 1 Hz 
Primary sensory cortex 
Fz 
Ring earth (head or limb) 
30 msec I 100-800 msec 
averaging count I 200 times I 100 times 
bandpass五lter I 31. 5 3150 Hz I 0. 5-315 Hz 





Table 2. Peak latencies of far－自eldSEP in cat (n = 45) 
mean (msec) I 3.40 











9. 18 10. 77 










































































































困難であった．頭正中部（Fig.3③）では， I, I, IDA 
が明瞭に認められ ilsも不明瞭ながら認められた．そ
して小脳虫部（Fig.3④）では， ], I, IDAが明らか
な陽性頂点波として認められ， I, IDAの間lζ大きな









Fig. 3. Distribution of averaged somatosensory evoked potentials (SEP) on the brain 
surface to the unilateral median nerve stimulation Roman numerals indicate 










Fig. 4. Comparison of surface-recorded SEPs with depth-recorded ones at different 
interstimulus interval. The thin and the thick traces are EPs recorded from 
the VPL nucleus of thalamus and the epidural surface of the sensory cortex 
contralateral to the stimulation, respectively. 
の，刺激と反対側の視床 VPL核に刺入した深部記録 電位lζ続いて二峰性の陰性頂点波が記録された．乙れ
（細線 trace）と，同じく刺激と反対側の SIにおける らの電位の潜時は，第1顎髄より第3頚髄iζ向かって
表面記録（太線 trace）である．深部記録のものでは 電極を移動させると共に短縮した（Fig.5 3 , 4, 5 
表面記録の mBと同じ潜時の高振幅陽性頂点波が記録 段目）．また第3頚髄レベルで記録された二峰性の陰性
された．さらに刺激間隔をそれぞれ 63msec (Fig. 4 電位の二つの頂点潜時は，それぞれ SIにおける表面
中段）および 33msec (Fig. 4下段）と短くするにつ 記録 SEP(Fig. 5最上段）の陽性頂点波 I, Il に潜時
れ， VPL核で記録される陽性頂点波のうち矢じり印で において一致していた．




2. 表面記録と頚・髄硬膜上記録の比較 激と反対側の視床 VPL核を破壊する乙とにより，視








Fig. 5. Early components of surface recorded SEPs 
(1: control, 2: after transection of spino-
rnedullary junction) and the averaged 
evoked potentials recorded from the dorsal 
surface of the upper cervical spinal cord 























Fig. 6. Effect of ablation of the sensory cortex and 
coagulation of the VPL nucleus of thala-
mus contralateral to the stimulation. Thi 
thin and the thick traces are depth-recorde 1 
SEPs from the VPL nucleus of thalamus 














Transection of brain stem 







Fig. 7. Effect of brain stem transection at the level of osseous cerebellar tentorium 
































Fig. 8. Serial changes after median longitudinal 
section at the level of the五rstand the 
second cervical spinal cord (second trace) 
and the medulla oblongata (third trace) 
and those after transection of the dorsal 
column of the upper cervical spinal cord 










































Cx WB BS None Total 
BA non ligation group 2 10 。 。 12 
BA ligation group 2 2 6 7 17 
Total 4 12 6 7 29 
Cx: cerebral ischemic pattern, WB: whole brain ischemic pattern, BS: brain 















_J . , 
2 msec 
Fig. 9. Sequential changes of BAEP and local CBF measured from the cerebrum 







Fig. 10. Systemic blood pressure and EEG changes during experiment in the model 













Fig. 11. Sequential c.hanges of BAEP and local CBF measured from the c
erebrum 




















Aplication。fRLCCA cl中 Release。fRLCCA chp 
(alter occlusion of LtCCA, Lt VA,RtSA) (alter release 。fRt.SA clip) 
ID sec 
Fig. 13. Systemic blood pressure, EEG and relative blood flow volume of basilar 紅白
tery measured by ultrasonic Doppler flowmeter in the animal model of whole 
brain ischemia. Note that blood flow changed inversely in direction by clam-


























































Lも~CA LもVARt.SA Rt.CCA 
3 
33 4 13 • 3 
6214213242 
64 I“I 34 I 4 
72 I 52 I 42I 12 
82 I飽 i52 I 22 
102 I 82 I 42 
122 1102 
142 J. 122 
SEP 
一－132,.v 
－ 6ms・6Fig. 14. Sequential changes in SEP in the animal model of whole brain ischemia. Note that cortical components first disappeared in a few minutes and then 
brain stem components disappeared. After recirculation, brain stem com-
ponents recovered gradually, while cortical components showed no recovery 































LtCCA LtVA RtSA Rt.CCA 
21 
31 I 1 
61 I 41 I 31
6314313313 
70 I 50 I 40 I 10 
90 I 70占60 I 30 
BAEP 
??
110 I eo ~ so 
140 I 120 
170 I 150 
2ms・6
Fig. 15. Sequential changes in BAEP in the animal model of whole brain ischemia. 
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Fi邑.16. Systemic blood pressure and EEG in the model of brain stem ischemia. 










































BA Bil. VA Rt. CCA 
34 14 
55 35 1 
56 36 2 
61 町田制te隠蜘l 1 
64 44 10 
66 46 12 
68 48 14 
69 49 15 
72 52 18 
73 53 19 






Fig. 17. Sequential changes in BAEP in brain stem ischemia. Note that BAEP ea・ 
sily changed both in amplitude and in latency in response to hypotension 
after clamping of right common carotid artery. Recovery of BAEP was re・
tarded and incomplete in comparison with SEP. 
日は不変であり（Fig.10 3段目），頚髄ー延髄移行部 と低血圧28），あるいは 4vessel occlusionを行なう方



















BA Bil.VA Rt.CCA 
町 37 + 3 
otension 
62 42 8 
63 43 9 
74 54 20 
82 * 62 28 
94 40 
100 I 46 
112 + 58 
f¥ ¥.JI/ _J~2~v 
6 msec 
Fig. 18. Sequential changes of SEP in brain stem ischemia. Note that al com-
ponents of SEP disappeared simultaneously about 30 minutes after clamping 
of right common carotid artery. Recovery of SEP from ischemic changes 
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